Poultry feed should be balanced with regard to the concentration of at least 38 nutrients.
INTRODUCTION
In poultry production enterprises, feed cost accounts for around 70% of the total costs involved in production. Among the different feed-stuffs used in formulating poultry diets, the source of dietary energy resources are a major cost; 70% of the total cost of poultry diet is used to meet energy needs. Optimizing the dietary energy level, therefore, is important for lowering feed cost per unit of poultry product [1] . Increasing dietary energy level provides 8 section [4 cm (length) x 2 cm (width) x 1.5 cm (thickness)] cut from the same location in the breast muscle was weighed and suspended on a steel wire hook, without any contact, in a plastic bag inflated with air and stored at 4°C for 24 h. The muscle samples were re-weighed to evaluate the drip loss percentage, according to the following equation: [(initial weightfinal weight) / initial weight] x 100%. Finally, the shear force of cooked breast muscles was measured according to the methods described by Jiang et al. [19] , using an Instron Universal Mechanical Machine (Instron model 4411, Instron Corp, Canton, MA).
Composition of body, breast and thigh muscles, and deposition rate of energy and protein
The frozen samples of left breast and thigh muscles were dissected into small pieces and finely homogenized in a blender at -10°C. To measure the fat and protein content, deposition rate of energy and protein in the whole body, ten birds at age of 57 d (at the beginning of this experiment) and two additional birds per replicate at age of 105 d were selected and prepared according to the methods of Zhou et al. [21] , and Xi et al. [22] . Contents of CP, crude fat, and gross energy were analyzed according to the guidelines of AOAC, [16] . The deposition rate of protein and energy was estimated following the methods of Xi et al. [22] .
Blood biochemical variables
The plasma contents of uric acid (UA), triglycerides (TG), and cholesterol (CHOL) were measured colorimetrically using a spectrophotometer (Biomate 5, Thermo Electron Corporation, Rochester, NY), and commercial kits (Nanjing Jiancheng Institute of Bioengineering, Nanjing, China).
Statistical analysis
Each pen (replicate) served as the experimental unit. The effects of dietary ME levels were examined for each variable by ANOVA (JMP Ver. 8.0.2, 2009; SAS Institute Inc., Cary, NC) . Whenever significant effects of treatment were detected, Duncan's multiple range tests were used to compare the means. Where appropriate, orthogonal polynomial contrasts were used to estimate the linear and quadratic effects of the increasing levels of ME and a probability level of 0.05 was applied to test significance (SPSS software version 17.0.1. USA). Based on the key indices (ADFI, feed: gain, daily ME intake, uric acid, fat content of breast muscle, and fat content of thigh muscle), quadratic regression equations were used to determine the optimal dietary ME requirement of Chinese yellow-feathered chickens [23] .
Data are expressed as means for each diet.
RESULTS

Growth performance
Daily ME intake increased, but ADFI and FCR decreased as linear responses to the increment in dietary energy level. The FBW, ADG, metabolic BW and mortality rate were not affected (P > 0.05) by the dietary ME levels, but the 3,236 kcal/kg diet tended to have greater FBW and ADG than those of the lower ME levels (Table 2) .
Carcass quality
The tested dietary ME densities did not exhibit any significant effect on the carcass quality traits, in terms of dressing percentage, eviscerated and semi-eviscerated proportions, relative weights of breast muscle, thigh muscle, and abdominal fat (Table 3) .
Composition of body, breast and thigh muscles
As shown in Table 4 , the fat content in thigh muscle increased linearly (P < 0.05) with the increase in dietary energy density, whereas the fat content in breast muscle showed a quadratic response (P < 0.05) and the highest value was obtained with the level 2,997 kcal/kg.
The protein, fat and energy content in the whole body, as well as the energy and protein deposition were not affected by the dietary ME densities. According to the regression model, the highest fat content (%) in the breast and thigh muscles were obtained with diets containing 3,047 and 3,135 kcal/kg (Table 5) .
Breast meat quality
The results of breast meat quality as affected by the dietary ME level are shown in Table 6 .
The 2,897, 3,095 and 3,236 kcal/kg diets resulted in lower shear force values (P < 0.05) than those of the control diet, and those of the 2,805 kcal/kg diet had an intermediate value (P > 0.05). The pH value, drip loss percentage, and meat color grades L*, a* and b* did not differ (P > 0.05) among the tested diets.
Blood biochemical variables
The results shown in Table 7 indicated that plasma UA decreased linearly (P < 0.01) with the increase in dietary ME level. The CHOL and TG concentrations were not affected by the diets. The regression model indicated that the optimal plasma UA was obtained with a diet containing 3,200 kcal/kg (Table 3) .
4.DISCUSSION
Growth performance
The present study tested five dietary ME densities (kcal/kg), consisting of a control level (2,997), two lower levels (2,805 and 2,897), and two higher levels (3,095 and 3,236), respectively. The increase in dietary energy level did not affect the FBW or ADG of the slow-growing male yellow-feathered chickens, but the highest ME treatment (3,236 kcal/kg) tended to result in greater FBW and ADG than did lower ME levels. The daily ME intake increased, whereas ADFI and FCR decreased as linear responses to the increment in dietary energy level. Birds typically eat to fulfil their energy requirement [24] , which can explain the reduced ADFI for the highest two dietary energy densities. The improved FCR for the highest ME density is attributable to the reduced ADFI and the relatively increased ADG. Supporting results were reported by Infante-Rodríguez et al. [4] , indicating that BW and ADG were not affected by the dietary energy, however, the ADFI was reduced by the high caloric density, and FCR was improved with a moderate increase in dietary energy. The present results were consistent with the findings of Kim et al. [25] , who observed a reduced ADFI with higher energy density than the standard diet. Other studies differed [26] , where final BW and FCR in broilers increased with higher energy densities (2994 to 3013 and 3081 to 3111 kcal/kg ME, starter and finisher phases). Contrary to the present results, Houshmand et al. [27] found that broilers fed low energy diets were heavier than those fed a standard diet. The results of Ferreira et al. [3] showed that the dietary energy close to 3,000 kcal/kg did not affect BW of broilers, but lower caloric density reduced BW, and higher caloric density reduced ADFI.
These varied responses to dietary energy density in previous studies result from using different genotypes at different ages. Kim et al. [25] reported different responses to energy density with different strains of broilers. The results obtained here with slow-growing Chinese yellow chickens favor the increase in energy density over the control (2,997 kcal/kg) and lower levels; highest calorie intake occurred with the most energy dense diet. Touchburn et al., [28] similarly noted that caloric intake increased as dietary ME density increased.
Carcass characteristics
For the slowly growing Chinese yellow chickens studied here, dietary ME density had no significant effect (P > 0.05) on the dressing percentage, eviscerated and semi-eviscerated proportions, relative weights of breast muscle, thigh muscle nor abdominal fat. Supporting results were reported by Infante-Rodríguez et al.
[4], who tested dietary energy densities (2960 to 3160) close to those used here; there was no influence on carcass weight, breast, drumstick+thighs, wings and back fat weight or carcass yields. Rosa et al. [29] used diets with 2950, 3200 and 3400 kcal/kg ME, but observed no effect on breast weight, carcass yield or back fat, despite the increase in energy concentration depressing the yield of thigh+drumstick and increasing abdominal fat. A preliminary study of Waldroup et al., [30] indicated no effect of dietary caloric density on growth performance or abdominal fat, although higher energy density increased dressing percentage in females, but not in males.
The present results with male chickens are consistent with that of the previous study. Others [31, 32] , similarly, found no effect of dietary energy density on carcass yield and abdominal fat. In contrast, Zhao et al. [33] found that dressing percentage, breast and thigh muscles, and abdominal fat content were greater with dietary energy and lysine levels higher than those in their controls. Marcu et al. [34] reported an improved growth performance and carcass yield for the main cuts of broiler chickens fed diets with high energy and protein contents. The preponderant previous findings on the effect of dietary energy density in broilers were inconclusive, but the results of the latter two studies showed that increased dietary energy along with increased CP or amino acids may result in higher meat yield.
Composition of whole body, breast and thigh meat
In the present study, dietary energy density did not influence the protein, fat or energy content in the whole body, but, the fat content in thigh muscle increased linealry with increased caloric density, whereas the fat content showed a quadratic response and the highest value was obtained with the 2,997 kcal/kg diet. Other studies showed similar results, with dietary energy density having no effect on the chemical composition of broiler's carcass muscles [35, 36] . Ferreira et al. [3] indicated that using reduced dietary energy levels lowered the intramuscular fat in broilers. The present results are in partial agreement with those of Infante-Rodríguez et al. [4] , who found that increased dietary energy had no effect on CP content in breast muscle, although the lower ME densities (2,960 and 3,040 kcsl/kg) resulted in more lipids in breast meat than with higher caloric densities (3,080 and 3,160 kcal/kg). In another study, Marcu et al. [37] found that decreasing dietary ME density reduced CP and increased lipid content of broiler breast and thigh muscles. The latter results suggest that increasing dietary energy content for broilers may not increase meat lipids in the thigh and pectoral muscle.
In the commercial Ross 308 broilers, Rosa et al. [29] reported that increased dietary ME density reduced carcass CP and increased its lipid content. Marcu et al. [38] found that increasing dietary energy and protein levels increased breast weight and muscle mass, and reduced fat content, but reducing nutrient density decreased protein content and elevated fat content in pectoral muscle. The discrepant results could be attributable to using different strains in the previous studies. Díaz et al. [39] and Rosa et al. [29] reported different changes in meat quality and carcass composition among different genetic groups fed graded levels of dietary energy.
Breast meat quality
The color of raw broiler meat is highly affected by dietary nutrient factors [5] . Meat color is an important attribute for consumers; the greater a* score of meat indicates better meat quality and the lower L* and b* scores implies less pale meat. Boulianne and King [40] reported that pale fillets have higher L* and b* values, and a lower a* value than normal (2,805, 2,897, 2,997, 3,095 and 3,236 Kcal/kg). ‡ QP = Quadratic polynomial; QP model = Y = α + β × X + γ × X 2 , where Y is the response variable, X is the dietary ME, α is the intercept; β and γ are the linear and quadratic coefficients respectively. The response was obtained by -β / (2 × γ). Means within a row with different superscripts differ significantly (P < 0.05).
